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® Apparatus and method for plasma treatment of resin material. 


© An apparatus for plasma treatment is capable of 
plasma-treating works of resin material by irradiating 
the surfaces of the works with a microwave dis- 
charge plasma within a vacuum reaction chamber. A 
plasma" introducing port is formed in the wall of the 
reaction chamber. A plasma-irradiating pipe is con- 
^nected to the plasma introducing port for injecting 
^the plasma into the reaction chamber to irradiate th 
surfaces of the works. A discharge port is formed in 
the wall of the reaction chamber to reduce the inter- 
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nal pressure of the reaction chamber. A plurality of 
the works are rotat d in relation to each other about 
a common axis, and also individual works are rotated 


fvj independently from each other about their own axes. 
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APPARATUS AND METHOD FOR PLASMA TREATMENT OF RESIN MATERIAL 


HELD OF THE INVENTION 

This invention relates to an apparatus and 
method for the plasma treatment of the surfaces of 
work made of resin material, such as those made 
of polypropylene resin (PP) or polyethylene resin 
(PE). for reforming the surfaces thereof. And this 
invention is particularly effectively applicable to the 
surface pretreatment in painting comparatively 
large and complicated resin parts. 


BACKGROUND OF THE INVENTION 

It is a recent trend In industries, especially in 
the automobile industry* for instance, to use resin 
parts which are lightweight and superior in design- 
ing flexibility. However, the application of compara- 
tively inexpensive PP or PE resin to exterior panels 
of vehtctes. for instance, entails a problem that the 
adhesion of paint films to the surfaces of resin 
panels is not so good and the paint films are likely 
to peel off the surfaces. Treatment of surfaces with 
plasma has been known as a means for solving the 
above-mentioned problem. In plasma treatment, the 
surfaces of PP or PE resin parts are subjected to 
corona, or glow discharge treatment or to radio or 
microwave discharge treatment to oxidize 
(introduction of polar groups) or to etch 
(improvement of the anchoring effect) the surfaces. 

On the other hand, in plasma treatment, it is 
necessary to evacuate or to reduce the pressure of 
the reaction chamber In order to enhance the effect 
of treatment (to extend the life of plasma). Accord- 
ingly, at the present a batch process is employed 
in most cases for plasma treatment 

In applying the batch system of plasma treat- 
ment process to the production of automotive 
parts, namely, to a mass production process, it is 
required that the reaction chamber is rapidly evac- 
uated in a short period of time and the number of 
parts which can be subjected to plasma treatment 
in one batch cyde is increased. However, the con- 
ventional apparatus for plasma treatment has a 
problem that the parts are plasma-treated differ- 
ently among the parts as well as within each part 
depending on the disposition of the parts In the 
reaction chamber, since automotive parts are large 
and complicated in configuration. 


SUMMARY OF THE INVENTION 

This invention is to provide a method and ap- 
paratus for plasma treatm nt which method and 


apparatus are capable of solving the above-men- 
tioned problems and of uniformly plasma-treating 
numerous comparatively large parts of complicated 
configuration at the same time. 

5 Accordingly, it is a primary object of this inven- 

tion to provide a method and an apparatus for 
plasma treatment, which method and apparatus are 
capable of establishing the uniform distribution of 
plasma density within a reaction chamber so that a 

70 plurality of parts placed in the reaction chamber 
are treated to the same extent regardless of the 
disposition and so that the individual parts are 
treated untformty over the entire surfaces thereof 
regardless of the configuration thereof. 

75 According to this invention, there is provided a 
method and an apparatus for applying surface 
plasma-treating to resin material placed in a reac- 
tion chamber by in-adiating on works to be treated 
with a microwave discharge plasma, comprising 

20 rotating a plurality of said works in relation to each 
other about one or more common axis, as well as 
rotating said individual works independently from 
each other about their own axes. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

RQURE 1 is a schematic sectional view of a 
plasma treatment apparatus shown for comparison: 
30 FIGURE 2 is a schematic sectional view of 

the glass pipe of the apparatus of FIG. 1. as 
improved for preparatory experiments; 

RGURE 3 is a graphical representation of 
the results of tiie preparatory experiments; 
35 FIGURE 4 is a side elevation of a first em- 

bodiment of a plasma treatment apparatus accord- 
ing to the present invention; 

FIGURE 5 Is a schematic sectional view of 
the apparatus of FIG. 4; 
40 FIGURE 6 is a side elevation of a second 

embodiment of a plasma treatment apparatus ac- 
cording to the present invention; 

FIGURE 7 is a schematic sectional view of 
tile apparatus of FIG. 6; 
45 FIGURE 8 is a front elevation of a glass pipe 

employed in the apparatus of the present invention; 

FIGURE 9 is a view taken in the direction of 
ttie arrow IX in FIG. 8; 

FIGURE 10 is a view taken in th direction of 
50 the arrow X in RG. 8; 

FIGURE 11 is a graphical representation of 
the results of experimental plasma treatment ac- 
cording to the present invention; 
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FIGURE 12 is a front elevation of a glass 
pipe employed in a further embodiment of the 
presnt invention; 

FIGURE 13 is a view taken in the direction of 
the arrow Xlil in FIG. 12; 

FIGURE 14 is a view taken in the direction of 
the arrow XIV in FIG. 12; 

FIGURE 15 is a graphical representation of 
the results of experiments carried out with a com- 
parable glass pipe (a glass pipe provided with no 
plasma radiating nozzle in the end walls); 

FIGURE 16 is a graphical representation of 
the results of experiments carried out with a glass 
pipe embodying the present invention (a glass pipe 
provided with plasma radiating nozzles in the end 
walls); 

FIGURE 17 is a graphical representation of 
the results of experiments carried out with a com- 
parable glass pipe (a glass pipe provided only with 
plasma radiating nozzles 31); 

FIGURE 18 is a graphical representation of 
the results of experiments carried out with a glass 
pipe embodying the present invention (a glass pipe 
provided with plasma radiating nozzles 30, 31 and 
32): 

FIGURE 19 is a transverse sectional view of 
a further embodiment of a plasma treatment ap- 
paratus according to this invention; 

FIGURE 20 is a longitudinal sectional view of 
the plasma treatment apparatus shown in FIG. 1 9; 

FIGURE 21 is an elevationai view in section 
of the essential part of a plasma treatment appara- 
tus provided with shower pipes and straight pipes, 
embodying the present invention; 

FIGURE 22 is a side elevation in section of 
the essential part of the reaction chamber of the 
apparatus of FIG. 21 : 

FIGURE 23 is a schematic illustration of a 
plasma treatment apparatus provided with fixed 
shower pipe and movable shower pipe adapted to 
be moved to an optional position; 

FIGURES 24 and 25 are detail views of a 
plasma radiating pipe connected to a flexible tube; 

FIGURE 26 is a schematic illustration of a 
further plasma treatment apparatus embodying the 
present invention, provided with a fixed shower 
pipe and movable shower pipes; 

FIGURE 27 is a side elevation of a plasma 
treatment apparatus employing both radio wave 
discharge plasma and microwave discharge plas- 
ma; and 

FIGURE 28 is a sectional view of the appara- 
tus of FIG. 27. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


Before describing preferred embodiments of 
the present invention in detail, a comparable sam- 
ple will be described hereunder. 

FIG. 1 is a schematic illustration of a micro- 
5 wave discharge plasma treatment apparatus of a 
comparable example. Resin parts used for motor 
vehicles were subjected to surface treatment in this 
plasma treatment apparatus. The degree of surface 
was not uniform, among the parts as well as among 
TO the positions within each part, due to the large size 
and the complicated configuration of those parts. 

In FIG. 1 . there are shown a reaction chamber 
1. a microwave oscillator 2, an isolator 3 (Toshiba 
Corp.). a power monitor 4 (Toshiba Corp.), a three- 
15 stab tuner 5 (Toshiba Corp.), a plasma generating 
furnace 6, a plasma generating pipe 7, a quartz 
pipe 8, a plasma introducing port 9, a plasma- 
irradiating pipe 12. a discharge port 15 for evacuat- 
ing the reaction chamber, a gas supply conduit 16, 
20 a flow meter 17, a gas bomb 18, a waveguide 19 
and sample works SI to S6. 

Preparatory experiments were carried out in 
the following manner to acquire data for solving the 
above-mentioned problems residing in the micro- 
25 wave discharge plasma treatment apparatus of a 
comparable example in FIG. 1. 

Procedure of the Preparatory Experiments 

30 

(PP resin sample works) 

35 [Reaction Chamber] 

Cylindrical chamber: 2000 mm diameter x 2000 
mm length 

40 [Conditions of Treatment] 

Frequency of microwave : 2450 MHz 
Output capacity : 500 W 
Degree of vacuum : 0.5 Torr 
45 Working gas (flow rate) : Oxygen gas (5000 
cc/min) 

Duration of treatment : 30 sec 
[Plasma*trradiating Pipe] 

50 

Plasma injection angle a of the glass pipe 12: 0*, 
30 ' , 60' (refer to FIGS. 2 and 1 1 ) 

[Disposition of Sampl Works] 

65 

The sampl works wer so located that the 
distance H between the plasma injection nozzle 
made of the glass pipe 12 and the surfaces of the 
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sampi works, along th bis ctor of th angle a, 
was 500 mm or 1000 mm, as illustrated in FIG. 11. 
The contact angle of the plasma-treated surface of 
the sample works was measured, at positions on 
opposite sides and at a distance W (W = 0 to 
1000 mm), with respect to the point from the dis- 
tance H of the intersection of the bisector of the 
plasma injection angle. Measured results are 
shown in FIG. 3. 


[Contact Angle Measuring Method] 

Oemineralized water of 5 M.I in quantity was 
dropped on the plasma-treated surface of the PP 
resin sample works. A contact angle measuring 
instrument (Kyowa Kagaku, Model: CA-A) was used 
for the measurement of the contact angle. The 
ambient air conditions were 20 *C and 50 to 60% 
RH. 

The results of the preparatory experiments 
(RG. 3) showed that 

1) The life of the plasma introduced into the 
reaction chamber 1 is dependent on the distance 
between the plasma injection nozzle of the glass 
pipe 12 and the sample work; and 

2) The diffusion of the plasma introduced 
into the reaction chamber 1 is dependent on the 
position <and/or angle a) of the plasma injection 
nozzle of the glass pipe 12. 

Although not shown in RG. 3, in addition to the 
facts explained in Paragraphs 1) and 2) described 
above, it was found that the plasma treatment was 
affected by the screening effect of the work affects. 
These are deemed to be attributable to the irregu- 
lar distribution of the plasma density within the 
reaction chamt)er. 

FIGS. 4 and 5 illustrates a first embodiment of 
a plasma treatment apparatus according to the 
present invention, in this embodiment the reaction 
chamber 1 is of a circular cylinder. Referring to 
FIGS, 4 and 5. there are shown a cylindrical reac- 
tion chamber 1 of 1000 mm or more In diameter, a 
microwave oscillator 2. an isolator 3 (Toshiba 
Corp.), a power monitor 4 (Toshiba Corp.), a three- 
stab tuner 5 (Toshiba Corp.), a plasma generating 
fumace 6. a plasma generating tube 7, a quartz 
tube 8, plasma Introducing ports 9 (9-A. 9-B), 10 
and 11. plasma-in-adiating pipes 12 (12-A, 12-B), 
13 (13-A. 13-B) and 14. exhaust ports 15 (15-A, 15- 
B) for evacuating the reaction chamber 1, a gas 
supply conduit 16 and a waveguide 19. Th micro- 
wave generated by the oscillator 2 is guided 
through the isolator 3. the power monitor 4 and the 
thre -stab tuner 5 to the plasma generating fumace 
6 by the waveguide 19. On the other hand, a gas to 
be converted into a plasma is supplied through the 


conduit 16 to th plasma g n rating pipe 7. The 
plasma generated in the plasma generating pipe 7 
and the plasma generating tube 7 is sent to the 
plasma introducing ports 9-A. 9-B. 10-A, 10-B, 11 -A 

5 and 11-B. in the first embodiment the three pairs 
of the plasma introducing ports 9, 10. and 11 are 
arranged on the three generatrices of the reaction 
chamber 1 which are separate from each other by 
an angular interval of 60* respectively. The plasma 

70 sent to the plasma introducing ports Is injected into 
the reaction chamber 1 by the plasma-irradiating 
pipes 12-A. 12-B. 13-A. 13-B. 14-A and 14-B con- 
nected to the plasma introducing ports 9-A. 9-B. 
10-A. 10-B, 11 -A and 11-B respectively. The details 

75 of plasma Injection nozzles formed in the plasma- 
in^adiating pipes are illustrated in FIGS. S to 10. 
Since the reaction chamber 1 needs to be evacu- 
ated to a degree of vacuum of approximately 1.0 to 
0.05 Torr for plasma treatment the reaction cham- 

20 ber 1 is evacuated continuously by a vacuum 
pump, not shown, connected through pipes, not 
shown, to the exhaust ports 15. 

FIGS. 6 and 7 show a second embodiment of a 
plasma treatment apparatus according to the 

25 present invention. In this embodiment the reaction 
chamber 1 is formed in the form of a rectangular 
prism having sides each of 1000 mm or more In 
length. Same or corresponding parts are indicated 
by same or corresponding reference numerals 

30 through the first and the second embodiments. Th 
size of the reaction chamber 1 in the form of a 
rectangular prism Is, for example, that X indicated 
in FIG. 7 is 2500 mm which Is the width of a wall 
provided with plasma introducing ports 9-1 and 9-2. 

35 Y also indicated in FIG. 7 is 1800 mm which is the 
width of walls provided with plasma introducing 
ports 10 and 11. A plurality of the plasma introduc- 
ing ports 9-1 and 9-2 are anranged on the wall 
indicated by X as illustrated in FIG. 7. at an interval 

40 of 1000 mm or less, for example, 900 mm. The 
other constitution and the functions of this second 
embodiment are the same as the first embodiment. 

FIGS 8 to 10 show plasma-Irradiating pipes 12- 
. 13- and 14-A and B (first embodiment) or 12-1-, 

45 12-2- A and B, 13-. 14-A and B (second embodi- 
ment) connected to the plasma introducing ports 9- 
, 10-, 11 -A and B (first embodiment) or 9-1 9-2-A 
and B. 10-, 11 -A and B (second embodiment) re- 
spectively. Desirably, the plasma-irradiating pipe 

50 20 is fonmed of glass or quartz. The plasma-Irra- 
diating pipe 20 is joined at a base 21 thereof to the 
plasma introducing port (9. 10 or 11). A manifold 
22 extends from the bas 21 and a cylindrical 
spraying head 23 xtends from the manifold 22. 

55 The spraying head 23 is formed so as to extend 
perpendicularly to and symmetrically with respect 
to the center axis Xi of the corresponding plasma 
introducing port. The opposite ends of the spraying 
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head 23 are closed. A plurality of plasma injection 
nozzles 24 of. for example, 6 nnm in dianneter are 
provided in the lower side of the spraying head 23 
at fixed intervals along the longitudinal direction. 
The plasma injection nozzles 24 are staggered with 
respect to the center axis X2 of the spraying head 
23 as viewed in RQ. 9, so that the adjacent plasma 
injection nozzles are disposed on opposite sides of 
a plane defined by the center axes Xi and X2 as 
viewed in FIG. 10 and at an angular interval of 60* 
(at angular position of 30* on each side of the 
plane defined by the center axes Xi and X2). 

FIG. 1 1 show measured results obtained by the 
experimental plasma treatment of works (PP resin 
works) by using the apparatus of the first embodi- 
ment (FIGS. 4 and 5) employing the piasma-irra- 
diating pipes of FIGS. 8 to 10. In this experimental 
plasma treatment, the plasma-irradiating pipes 
were disposed so that the longitudinal axes of the 
plasma-irradiating pipes extend along the longitudi- 
nal axis of the cylindrical reaction chamber 1 as 
illustrated in FIG. 4. The size of the reaction cham- 
ber, the conditions of treatment and the contact 
angle measuring method are the same as those of 
the preparatory experiments. The distance H be- 
tween the plasme injection nozzle and the surface 
of the sample works were 1000 mm and 500 mm 
(H is the distance between the plasm a-inradiating 
pipe 12 shown in FIG. 5 and the sample works). 
Contact angle was measured for the surface of the 
sample works within a range of W = 0 to W = 
1 000 mm (The definition of W in this experiment is 
the same as in the preparatory experiments). Other 
conditions of experiments were the same as the 
preparatory experiments mentioned before. 

It is obvious from the results of the experi- 
ments as shown in FIG. 11 that the present inven- 
tion is capable of establishing uniform distribution 
of plasma density within the reaction chamber, and 
capable of plasma-treating many comparatively 
large works of complicated configuration, simulta- 
neously and uniformly, regardless of the location of 
the works, and also capable of eliminating irregular 
plasma treatment within each work attributable to 
the configuration. 

FIGS. 12 to 14 show a second embodiment of 
a plasma-irradiating pipe according to the present 
invention. The plasma-irradiating pipe is joined co- 
axially at a base 21 to the plasma introducing port 
9. 10 or 11 (FIGS. 4 and 5). A manifold 22 extends 
from, the base 21 and a cylindrica! spraying head 
Cplasma-inradiating pipe" is a nan-ow s nse) 23 
extends from the manifold 22. The plasma intro- 
ducing ports 9, 10 and 11 are formed in the wall of 
the reaction chamber 1 as illustrated in FIGS 4 and 
5. The center axis Xi of each plasma introducing 
port extends perpendicularly to the wall of the 
reaction chamber 1 (FIG. 4) and intersects the 


longitudinal center axis of the reaction chamber 1 
(FIG. 5). The spraying head 23 is disposed in 
parallel to the longitudinal axis of the reaction 
chamber 1, with its center axis X2 extending per- 
5 pendicularly to the center axis Xt of the corre- 
sponding plasma introducing port The spraying 
head 23 extends for equal lengths on both sides 
with respect to the center axis Xt of the cor- 
responding plasma introducing port. That is. the 
70 cylindrical spraying head 23 extends adjacently to 
and in parallel to the wall of the reaction chamber. 

A plurality of plasma injecting nozzles 30 to 33 
are formed in the cylindrical spraying head 23, The 
diameter of the plasma injection nozzle is, for ex- 
75 ample, 6 mm. The plasma injection nozzles 31 -A, 
31 -B, ... are formed in the bottom of the cylindrical 
spraying head 23 as viewed in FIG. 14 (in the 
portion of the cylindrical spraying head 23 extend- 
ing farthest from the adjacent wall of the reaction 
20 chamber 1) along the longitudinal direction of the 
cylindrical spraying head 23 at a fixed interval 
(approximately 20 mm). The plasma injection noz- 
zles 30-A, 30-B, ... and the plasma injection 'noz- 
zles 32-A, 32-8. ... are disposed along the longitu- 
25 dtnal direction of the spraying head 23 on opposite 
sides, respectively, of a plane including the center 
axis Xi and the plasma injection nozzles 31 -A, 31- 
B, ... and apart form the plasma injection nozzles 
31 -A, 31 -B, ... by an angular rnterval of 7.5 to 45* , 
30 preferably, 15 to 30* , for example, 30* , at a fixed 
longitudinal interval as illustrated in FIGS. 13 and 
14. It is desirable to dispose the plasma injection 
nozzles 30-A, 30-B, 31 -A, 31 -B, ... and 32-A, 32- 
B, ... so as to be staggered along the longitudinal 
35 direction of the spraying head 23 as illustrated in 
FIGS. 12 and 13. 

Plasma injection nozzles 33-A and 33-B are 
formed in the opposite ends of the cylindrical 
spraying head 23 on the center axis X2. The plas- 
40 ma Injection nozzles 33-A and 33-B are declined as 
viewed in FIG. 12 at an angle between 15 to 80* , 
preferably 30 to 60*. for example. 45*, with re- 
spect to the center axis Xj , namely, toward the 
interior of the reaction chamber 1 . 
45 FIGS 15 to 18 show the measured results of 

experiments performed to confirm the effect of the 
above-mentioned embodiments. The experiments 
were performed in the same manner as the experi- 
ments as described hereinbefore. 
50 FIG. 15 shows experimental r suits of plasma 

treatment, in which the plasma-irradiating pipe (No. 
1 ) having the plasma spraying head with no plasma 
injection nozzle in the end walls was employed for 
comparison, FIG. 16 shows the experimental re- 
55 suits of plasma treatment, in which the above- 
mentioned embodiment of the plasma-irradiating 
pipe (No. 2) having the plasma spraying head 
provided with the plasma injection nozzl s (33-A. 
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33*B) in the end walls thereof. In either experiment 
of plasma treatm nt, th work was placed 1000 
mm away from and In parallel to the glass or 
nozzle pipe. In FIGS. 15 and 16. the abscissa 
represents the distance (mm) from the end of the 
glass or nozzle pipe to measuring points, while the 
ordinate represents measured contact angle. As is 
evident from the comparative examination of FIGS. 
15 and 16. the provision of plasma injection noz- 
zles In the end walls of the plasma spraying head 
uniformtzes the distribution of plasma density with- 
in the reaction chamber. 

RG. 17 shows experimental rusults of plasma 
treatment, in which the plasma-Irradiating pipe (No. 
3) having the plasma injection nozzles 31 formed in 
the plasma spraying head within a plane including 
the center axes Xt and X2 (FIG. 14) was employed 
for comparison. FIG. 18 shows experimental results 
of plasma treatment, in which the above-mentioned 
plasma-irradiating pipe (No. 4) embodying the 
present invention, having the plasma injection noz- 
zles 31 formed in a plane including the center axes 
Xi and X2 (RG. 14) and plasma Injection nozzles 
30 and 32 formed in the same plasma spraying 
head outside the plane including the plasma injec- 
tion nozzles 31. In either experiment of plasma 
treatment, the surface of a work was placed 1000 
mm apart from the plasma-inradlating pipe, and 
contact angle was measured at measuring points 
on a line extending perpendicularly to the longitudi- 
nal direction of the plasma-inradiating pipe. In RGS. 
17 and 18. the abscissa represents the distance 
(mm) from the point of center 1000 mm apart from 
the plasma spraying head to the measuring point, 
while the ordinate represents measured contact 
angle. As is evident from the comparative examina- 
tion of FIGS. 17 and 18. the provision of the 
plasma injection nozzles 30. 31. and 32 in an 
arrangement as illustrated in RG. 14 uniformizes 
the distribution of plasma density within the reac- 
tion chamber. 

An embodiment of plasma treatment apparatus 
shown in RGS. 19 and 20 is so constructed as to 
treat four wortcs S-1 to S-4 at the same time. The 
works S-1 to S-4 are supported on mounting mem- 
bers 108-1 to 108-4, respectively, which are con- 
nected to vertical disk plates 109 of a carriage 
through free rotatable shaft 107-1 to 107-4. respec- 
tively. The mounting members 108-1 to 108-4 are 
freely rotatable about the respective shafts 107-1 to 
107-4. 

in the Illustrated plasma treatment apparatus, 
the vertical disk plates 109 are rigidly secured to a 
rotatable shaft 103 which passes through the cen- 
ters of the disks 109. An extension 132 of the 
rotatable shaft 131 is connected to a connector 133 
to a shaft 134 or a motor 135. The motor shaft 134 
is seated by a vacuum seal 136 provided in the 


wall of the reaction chamber 1 . 

The rotatable shaft 131 is driven by the motor 
135, and consequently the vertical disks 109 are 
rotated so that the shafts 107-1 to 107-4 for sup- 
5 porting the mounting members 108-1 to 108-4 are 
simultaneously moved along a circular trace Ti. 
During these movements, the orientations of the 
mounting members 108-1 to 108-4 as well as the 
works S-1 to S-4 are automatically adjusted 

70 through their turning around the free rotatable 
shafts 107-1 to 107-4. respectively. 

In FIGS. 19 and 20. reference numeral 137 
denotes rails for the carnage, and 138 denotes 
wheels of the canriage traveling on the rails 137. 

;5 When the caniage is locked at a predetermined 
position, i.e., when the shaft extension 132 comes 
into be connected to the connector 133, the rails 
137 is lowered by air cylinders 139 to a position in 
which the rails 137 do not prevent the rotation of 

20 the vertical disk plates 109. The reaction chamber 
1 Is then closed by a door member and a series of 
plasma treatment operations Is carried out in the 
reaction chamber 1 . 

Although only one rotatable shaft 131 is pro- 

25 vided in the embodiment shown in FIGS. 19 and 
20. two or more such rotatable shafts and the 
conresponding numt>er of motors 135 can also be 
provided. In addition, if necessary, the motor 135 
can be disposed in the inside of the reaction cham- 

30 ber 1 . 

Using a plasma treatment apparatus as shown 
in RGS. 19 and 20. some samples fo vehicle's 
parts were treated under the same conditions as 
the above-mentioned comparable example as 

35 shown in FIG. 1. In this embodiment, the rotatable 
shaft 131 was rotated at 10 to 20 RPM. As the 
results, uniform distribution of the effects of the 
plasma treatment was obtained over the all sample 
worics and over the entire surfaces of each work. 

40 Therefore, according to this embodiment, the 
combination of freely rotating the works about 
themselves and moving the all works along a cir- 
cular trace makes it possible that uniform density 
of plasma be radiated on the entire surfaces of the 

4S works. 

In addition, according to this embodiment, 
more uniform distribution of the plasma density can 
be obtained by the fact that the plasma in the 
reaction chamber 1 Is advantageously stired up by 

so the rotational movement of the mounting members 
108-1 to 108-4. 

RGS. 21 and 22 show a plasma treatment 
apparatus also emt>odying this invention, which 
comprises a plurality of long tubular shower pipes 

55 provided along the length thereof with num rous 
small holes, and at 1 ast one straight pipe disposed 
with its free end opening toward a section to which 
the plasma can barely flow and the other end 
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connected to the plasma transporting conduit Re- 
ferring to FIGS. 21 and 22. a reaction chamber 1 is 
provided with six plasma-irradiating pipes 12a, 12b, 
12c, 12d. 12e and 12f and three sets of straight 
pipes 40a, 40b and 40c each including three 
straight pipes. The pipes 12a and 12b are disposed 
in the upper part of the reaction channber 1 in 
parallel to each other and opposite to the upper 
surface of works S1 and S2 respectively. The pipes 
12c and 12d are disposed in the left-hand part of 
the reaction chamber in parallel to each other and 
opposite to the side surfaces of the work S1 and a 
work S3 respectively. The pipes 12e and 12f are 
disposed in the similar state In the right-hand part 
of the reaction chamber 1. The straight pipes 40a 
are tubular members each having a straight portion 
of a fixed length from the opening end thereof. The 
straight pipes 40a are interposed with their open- 
ings directed toward the center axis of the reaction 
chamber between the shower pipes 12a and 12b. 
Three straight pipes 40a are arranged at equal 
intervals along the longitudinal direction of the 
shower pipe I2a. Other straight pipes 40b and 40c 
are also disposed in the same relative position with 
respect to the corresponding shower pipes 12c, 
12d, I2e and 12f as the relative position between 
the straight pipes 40a and the shower pipes 12a 
and 12b. The other end opposite the opening end 
of each straight pipe is connected through a plas- 
ma transporting conduit 8 to a plasma generating 
pipe. 

FIG. 23 shows a further embodiment of this 
invention, in which plasma-irradiating pipes 12 are 
fixed to the inner wall of a reaction chamber 1, 
while a plasma-irradiating pipe 41 is connected to a 
Teflon® tube 42 so as to be located at an optional 
position within the reaction chamber 1. In the em- 
bodiment of FIG. 23 the pipe 41 is disposed in the 
central part of the cylindrical reaction chamber 1 
along the axial direction of the reation chamber 1. 
However, the plasma-irradiating pipe 41 can also 
be disposed at an optional position or inclination 
depending on the number, configuration and the 
arrangement of the works to be treated. The pipe 
41 as well as the pipes 12 is made of quartz glass 
pipe and is provided with many small holes serving 
as plasma injection nozzles 4fi formed in the cir- 
cumference of the wall thereof at an equal angular 
interval of, for example, 90* in order to radiate the 
plasma in all directions. A plasma transporting con- 
duit 43 for supplying the plasma to the plasma- 
irradiating pipe 41 is branching off at a fluororestn 
connector 44. Naturally, the plasma transporting 
conduit 43 may branch off at any other fluoror sin 
connector and a separate plasma generating sys- 
tem exclusively for the pipe 41 may be provided. 
Furthermore, in th mbodiment of FIG. 23. a sin- 
gle pipe 41 is provided in the central part of the 


reaction chamber. However, if the works are elon- 
gated things which extend axially of the reaction 
chamber, and if only less effect of the plasma 
treatment is expected on the longitudinal ends of 
5 the works, flexible tubes 42a and 42a which are the 
same as the flexible tube 42 may be branched 
from a fluororesin connector 45 and connected to 
shower pipes 46a and 46b by means of fluororesin 
connectors 47a and 47b respectively, each shower 

10 pipe having plasma injection nozzles only in one 
side of the watt thereof facing the works in order to 
irradiate the longitudinal end portions of those 
works S with the plasma. Such an embodiment is 
shown in FIG. 26. Referring to FIG. 23, the plasma 

rs generated by a plasma generating pipe is supplied 
through a plasma transporting conduit 8 and 
fluororesin connectors to the plasma-irradiating 
pipes 12. Some part of the plasma is branched at a 
fluorororesin connector 44 and is supplied through 

20 a plasma transporting conduit 43. a fluororesin con- 
nector 45 and the flexible tube 42 to the plasma- 
irradiating pipe 41. In the embodiment of FIG. 26, 
the plasma is branched further at the fluororesin 
connector 45 and supplied through the flexible 

25 tubes 42a and 42b and fluororesin connectors 47a 
and 47b to the pipes 46a and 46b respectively. 

In those embodiments of plasma treatnr^ent ap- 
paratus according to the present invention, the uni- 
form distribution of the plasma density was estab- 

30 lished within the reaction chamber 1 and even in 
the plasma treatment of comparatively large works 
of complicated configuration, uniform plasma treat- 
ment over the entire surfaces of the works was 
attained regardless of the location and the configu- 

35 ration of the works. The adhesion of the paint film 
to the plasma-treated surfaces was satisfactory with 
every part of the surfaces after painting process. 

FIGS. 27 and 28 show further embodiment of 
this invention, in which a substantially cylindrical 

40 electrode 72 is disposed adjacently to the inner 
wall of a reaction chamber. The electrode 72 Is 
connected^to a radio-frequency power source 70. 
The electrode 72 is formed of a porous plate to 
allow the plasma to flow into the inside of the 

45 reaction chamber 1. Three gas inlet ports 73-1, 73- 
2 and 73-3 are provided in the wall of the reaction 
chamber 1 for supplying a gas to be converted into 
plasma by radio wave discharge. In the wall of the 
reaction chamber 1 , at positions circumferentially 

50 corresponding to th gas inl t ports 73-1, 73-2 and 

73- 3 ad separated by angular intervals of 90 
therefrom, three gas iniet ports 74-1. 74-2 and 74-3 
and tfiree gas inlet ports 75-1, 75-2 and 75-3 are 
also provided r spectively. Microwave discharge 

55 plasma introducing ports 76-1, 76-2 and 76-3 and 
77-1, 77-2 and 77-3, are formed between th gas 
Inlet ports 73-1, 73-2 and 73-3. and 74-1. 74-2 and 

74- 3, and between the gas inlet ports 74-1. 74-2 
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and 74^3, and 75-1, 75-2 and75-3. respectively. 
Those plasma introducing ports 76-1 to -3 and 77-1 
to -3 are connected to shower pipes 12-1, 12-2 and 
12-3. Radio-frequency energy is generated be- 
tween the electrode 72 disposed in the reaction s 
chamber 1 and connected to the radio-frequency 
power source 70 and the grounded reaction cham- 
ber 1 . While the gas, for example, oxygen gas, is 
introduced into the reaction chamber through the 
gas inlet ports 73-1. to -3. 74-1 to -3 and 75-1 to io 
-3* and converted Into radio wave discharge plasma 
by the radio-frequency enerby. The radio wave 
discharge plasma thus generated functions to 
plasma-treat the surfaces of works placed adja- 
cently to the electrode 72 disposed in the reaction is 
chamber, namely the general surfaces of the 
works. The plasma introduced into the reaction 
chamber 1 through the plasma introducing ports 
76-1 to -3 and 77-1 to -3 injected by the plasma- 
irradiating pipes 12-1 to -3. This plasma functions 20 
to plasma-treat the portions of the surfaces which 
are plasma-treated insufficiently by the radio wave 
discharge plasma, namely, the portions which are 
situated far from the electrode 72 disposed in the 
reaction chamber 1 or the portions which are 2s 
screened by the works from the radio wave dis- 
charge plasma. The plasma treatment of works by 
means of this embodiment employing both the 
radio wave and microwave discharge plasmas re- 
duced variation in the effect of plasma treatment so 
between the works and within the individual works. 
In the experimental plasma treatment using this 
embodiment the works were first subjected to ra- 
dio wave discharge plasma treatment, and then to 
microwave discharge plasma treatment However, 35 
the same effect would be attainable even if the 
plasma treatment processes were reversed or both 
the radio wave and microwave discharge plasma 
treatment were carried out simultaneously. 


Claims 


dialing pipe (12) disposed in said reaction chamber 
(1) for injecting plasma onto the surfaces of said 
workpieces. rotatable mounting-memtjers (108-1. 
108-2, 108-3. 108-4) disposed in said reaction 
chamber (1) for supporting said workpieces. 

3. An apparatus according to claim 2. wherein 
at least one plasma-irradiating pipe (12d, 12f) ex- 
tends in a lower portion of and in the axial direction 
of said reaction chamber (1) and is fornied with a 
plurality of injection nozzles (48) in its circumferen- 
tial wail. 

4. An apparatus according to claim 3. wherein 
said injection nozzles (48) are partly disposed at an 
inclination of a predetermined angle made in one 
direction circumfe rentially of said plasma-irradiat- 
ing pipe with respect to the vertical plane of said 
plasma-irradiating pipe, and partly disposed at an 
inclination of a predetermined angle made in the 
other direction, whereby said Injection nozzles are 
disposed in a staggered relationship. 

5. An apparatus according to one of claims 2 to 
4. wherein said mounting-members (108) are 
adapted to horizontally said workpieces (S) inde- 
pendentiy of the rotation of said mounting-mem- 
bers (108). 


1. A method for applying surface plasma-treat- 
ing to resin mate'rial placed in a reaction chamber 45 
(1) by in-adiating work pieces (S-1, S-2. S-3, S-4) to 

be treated with a microwave discharge plasma, 
comprising rotating a plurality of said work pieces 
in relation to each other about one or more com- 
mon axis or axe^ (131). as well as rotating said so 
individual work pieces Independentiy from each 
other about tfieir own axes (107-1, 107-2. 107-3. 
107-4). 

2. An apparatus for plasma treatment of work- 
pieces (S-1. S-2. S-3. S-4) of resin material to 55 
activate th surfaces of said workpieces before 
printing them, comprising a reaction chamber (1) 

for accommodating said workplaces, a plasma-irra- 
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